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Improving single-photon sources with Stark tuning
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We investigate the use of the Stark shift in atomlike systems in order to control the interaction with a high-
Q/V microcavity. By applying a Stark shift pulse to a single atomlike system, in order to affect and control its
detuning from a cavity resonance, the cavity QED interaction can be carefully controlled so as to allow
stochastic pumping of the emitting state without causing random timing jitter in the output photon. Using a
quantum trajectory approach, we conduct simulations that show this technique is capable of producing indis-
tinguishable single photons that exhibit complete Hong-Ou-Mandel interference. Furthermore, Stark tuning
control allows for the generation of arbitrary pulse envelopes. We demonstrate this by showing that a simple
asymmetric Stark shifting pulse can lead to the emission of symmetric Gaussian single-photon pulse envelopes,
rather than the usual exponential decay. These Gaussian pulses also exhibit complete Hong-Ou-Mandel inter-
ference. The use of Stark shifting in solid-state systems could ultimately provide the cheap miniature high
quality single-photon sources that are currently required for applications such as all-optical quantum

computing.

DOLI: 10.1103/PhysRevA.75.043815

INTRODUCTION

All optical quantum computing [1] is a promising candi-
date for a scalable computing architecture. A number of ma-
jor milestones have already been achieved [2-4]. Optical
techniques for quantum control and manipulation may also
play a role in other possible quantum technologies. However,
there are a number of hurdles that remain before these tech-
nologies can be realized or implemented. One of the hurdles
concerns the sources of photons for such technologies. There
are stringent requirements on the quality of the single pho-
tons if they are to be used in these quantum technologies [5].
The most useful property is indistinguishability, which is
readily measured using a Hong-Ou-Mandel (HOM) interfer-
ometer [6]. This property essentially implies that the same
quantum process was used to generate each photon. This can
be difficult to achieve in practice. Even if it is overcome,
another common source of reduced contrast in the HOM in-
terferometer comes from timing jitter [7]. For example, a
single quantum dot emitter is usually pumped incoherently to
a higher excited state and stochastically relaxes the emitting
state. This stochastic relaxation process results in random
population of the emitting state, which manifests as a timing
jitter in the emitted photon. This in turn limits the level of
interference that can be obtained with the HOM interferom-
eter and introduces a random phase into the circuit. The best
current technology which overcomes this problem is still the
original scheme employed by Hong, Ou, and Mandel for
generating two correlated photons using a spontaneous para-
metric down conversion process [6]. However, this technol-
ogy brings its own problems, as the spontaneous nature
means that the emission of the photon pair is random. This
can provide synchronization problems for large networks of
such sources, which require further technologies, such as
photon memories [8,9], if it is to be implemented. The other
option is to use a coherently driven source [10-14], such that
the population of the emitting state is carefully controlled by
a coherent driving laser. These sources have the advantage
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that they can produce photon wave packets of arbitrary shape
as well as being indistinguishable [12,13]. However, these
sources invariably involve atomic emitters and must thus
comprise a vacuum chamber and trapping apparatus. There-
fore it is not expected that these sources will ever be suitable
for use outside a laboratory environment.

It is expected that one of the most promising technologies
would be based on a solid-state approach [15,16]. This al-
lows for various implementations of cavity QED based sys-
tems, which facilitate efficient collection of photons. The
atomiclike emitter can comprise either a quantum dot
[15-17], single dopant ion, or a color center [18,19]. This
provides a wide range of material properties that can be used
to select the appropriate emission wavelength, lifetime, and
decoherence properties. The current state of the art using
these methods comprises a permanently coupled emitter-
cavity system [16,20]. These systems have achieved some
impressive results. However, they suffer the timing jitter
problem that arises from stochastic population of the emit-
ting state. As a result, two-photon HOM interference is usu-
ally compromised in such systems [7]. The photon pulse en-
velope is also fixed in these systems and determined by the
cavity emission properties. In some prospective technolo-
gies, such as quantum memories [8,9], a more symmetrical
pulse shape is desired.

In this paper, we look at controlling the detuning of a
quantum emitter from a high-Q/V microcavity in order to
remove timing jitter from the emission process. This is ac-
complished using Stark tuning with an electric field. The use
of a high Q/V microcavity ensures that the photon is emitted
into a single mode with high efficiency as well as ensuring
that the required Stark shifting field is not too great. We also
show that by carefully choosing the Stark shifting pulse
shape, the output photon pulse envelope can be modified.
This is demonstrated by showing that high quality single
photons with a Gaussian pulse envelope are possible using a
straightforward modification of the Stark pulse shape.

©2007 The American Physical Society
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FIG. 1. Diagram of the three-level system with the lower two
levels interacting with a single cavity mode. The upper level is
shaded to represent a manifold of states in the solid-state environ-
ment, which nonradiatively relax to the state |2). The relaxation
rates 7;; represent loss to various reservoirs. The term Q(r) is the
coherent pumping pulse and g represents the field-atom coupling
constant. The rate of loss from the cavity is «.

A THREE-LEVEL ATOM MODEL

For the model, we consider a solid-state system with a
well defined and isolated lowest energy optical transition and
a manifold of higher energy states that when populated, relax
incoherently to the lowest energy state. This system is rep-
resentative of many types of solid-state quantum dot as well
as various other systems that can be found in the solid state.
For the purposes of the model, the system is simplified as a
three-level ladder system, with the upper level being the
pumping level, which relaxes incoherently to the middle
level, which in turn relaxes to the ground state with the emis-
sion of a photon. All the relevant details of this system are
depicted in Fig. 1, where we have indicated that the upper
state is usually one in a manifold of states. The excitation
sequence proceeds as follows: The transition from the
ground state to the upper level is driven coherently with a
short pulse. The system then incoherently relaxes down to
the middle state. The transition from the middle state to the
ground state is via emission of a photon. The Stark tuning
field acts on the middle level in order to bring the optical
transition into resonance with a single optical cavity reso-
nance. If the optical cavity mode has both a low mode vol-
ume and a high Q, the regime of strong-coupling cavity
quantum electrodynamics can be approached. In terms of the
model, this cavity enhancement of the emission process is
contained in the coupling frequency of the interaction g.
Therefore it is useful to normalize the essential model pa-
rameters against g. The basic Hamiltonian for the system is

3
Hih = wd'a+ 2 [o;+ A0/ +ig(@2)(1] - H.e.)
Jj=1

+ Q(t)cos(ws 1) (|3)(1]| + H.c), (1)

where @ is the annihilation operators for the cavity field
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FIG. 2. Schematic diagrams of the three experiments that are
simulated: (a) Direct photodetection with a photon counting photo-
detector (PD). (b) Detection of the second-order correlation func-
tion g®(Ar). The elements of the experiment are a 50/50 beam
splitter (BS) and two photon counting photodetectors (PD1 and
PD2). The variable time delay is also indicated. (c) The Hong-Ou-
Mandel (HOM) interference experiment involving two single-
photon sources, a mirror (M), 50/50 beam splitter (BS), and two
photon counting photodetectors (PD1 and PD2).

mode which has a frequency w. The atomic operators are
expressed in terms of projection operators with the energies
of the three levels given by w; for j=1,2,3. They also have
a time dependence represented by the A;(#) terms, which are
used to represent the Stark tuning of the atomic energy lev-
els. The coupling of the lowest transition to the cavity mode
is represented by the parameter g. The last term represents a
coherent driving pulse, with Q(7) the time-dependent pulse
amplitude. In this model the atomic levels |3) and [2) are
only coupled incoherently. This means that any coherent dy-
namics of the upper level are completely decoupled from the
lower levels and all the physics is contained in the relaxation
rate to populate the middle level. In order to simplify the
system for efficient numerical simulation and highlight the
relevant dynamics, we rewrite the Hamiltonian in the inter-
action picture and make the rotating wave approximation.
Thus the Hamiltonian reduces to the following form:

Hii=A0)6> + Q(1)(62' + He) +ig(@é? —He), (2)

where we have used Pauli operator notation for the atomic
transitions with the superscripts referring to the two levels
that each operator acts upon. The first two terms are the
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time-dependent Stark pulse and coherent driving pulse term,
respectively.

We include the loss terms in the standard manner with the
following master equation in Linblad form:

3

1. NPT BN

=-[H.p]+ > CpC) - 5(C7C1p+ pCciC). (3
=1

where H is the Hamiltonian described above and p is the
reduced density operator. The loss terms, C;= \r’;d, C,
=\7,62!, and C;y=1y;,6°°, represent the coupling of the
cavity mode to other modes outside the cavity, the spontane-
ous emission from the &il transition with decay rate v,;, and
the incoherent population of level [2) with a rate 7y, follow-
ing the pump pulse.

SIMULATIONS

In order to simulate a variety of different experiments,
including the Hong-Ou-Mandel interferometer, we use a
quantum trajectory approach. This gives us great flexibility
in choosing different detection schemes that comprise the
different experiments. Direct numerical integration of the
master equation was also employed to check the quantum
trajectory results. One difficulty with the simulation is the
vastly different time scales involved. In order to simulate
femtosecond pulse excitation and subsequent coherent inter-
actions on a nanosecond or longer time scale, it would be
necessary to use a very large amount of time steps. However,
we note that excitation with a femtosecond pulse is equiva-
lent to a S-function population of the upper excited state on
the coherent atom-cavity interaction time scale. Therefore it
is sufficient to simply start the atom in the excited state,
rather than use the coherent driving term (7). On the other
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hand, in order to simulate a pulse train, a driving term is
required. We accomplished this by using a coherent Gaussian
pulse envelope €)(7) to invert the population (i.e., a 7 pulse),
while suppressing the relaxation term 73, during the pulse
period. After the pulse had populated the upper state, the
relaxation was turned on. This allows the use of longer pump
pulses compatible with the time scales needed for the simu-
lation and effectively simulates J-function population of the
upper state. This was confirmed by comparing results using
either an initially populated excited state or the coherent
pulsed population with switched upper state relaxation. In
both cases, the simulation converged to the same result.

Three different experiments were simulated, as depicted
in Fig. 2. The first is direct photodetection, which displays
the probability of detecting a photon per time interval. This
experiment shows the pulse train that is used in subsequent
experiments. The next experiment is a Hanbury-Brown-
Twiss experiment to detect the second-order correlation
function ¢g@(7), defined as

@"(na'(r+ nar + na))
@) =
=T i waoy @

This experiment is used to ensure that the simulation is ac-
tually producing single photons. The third experiment is a
Hong-Ou-Mandel interferometer. This simulation involves
simulating two independent single-photon sources and com-
bining their outputs with a beam splitter and looking at the
joint detection probabilities as a function of differing tempo-
ral displacements of one source from the other. We are at
liberty to express our results in a number of ways. Rather
than using the number of coincidence counts directly, we
choose to express the interference results in terms of a HOM
visibility, defined as

[P(PD1,PD1) + P(PD2,PD2) — P(PD1,PD2) — P(PD2,PD1)]

HOMUiS = 1

where the various P(PDi,PDj) correspond to the joint pho-
todetection probability with photons detected at the photode-
tectors corresponding to their respective index. Such a quan-
tity is in general not possible with current photodetector
technology, but is in principle possible.

For all simulations a truncated Fock space was used for
the cavity mode. The truncation was made at either n=3 or
n=4 to allow for the possibility of multiple-photon occupa-
tion and thus ensuring that the second-order correlation func-
tion g (7) is a meaningful test for single-photon emission.

The simulations are conducted for each of two cases,
which we refer to as the active source and the passive source.
The active source is the one where the atom is kept off reso-
nant for a time sufficiently long to allow efficient relaxation

" [P(PD1,PD1) + P(PD2,PD2) + P(PD1,PD2) + P(PD2,PD1)]’

(5)

of the upper excited state to the intermediate level with high
probability. The atom is then brought into resonance with the
cavity for a time long enough to transfer the excitation into
the cavity mode (a 7 pulse) after which it is again rapidly
detuned, leaving the excitation in the cavity. The passive
source is the case in which a Stark tuning voltage may be
applied to bring the atom permanently into resonance with
the cavity. This is the usual case for cavity enhanced single-
photon sources.

The efficiencies of each single-photon source are also de-
termined and compared. This was conducted using both the
quantum trajectory simulations and direct integration of the
master equation. With the quantum trajectory simulations,
the emission efficiency was simply estimated by counting all
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FIG. 3. (Color online) Comparison between a passive single-photon source and an actively switched single-photon source for the case of
operation in the strong Purcell regime («/g=1.5, y,,/g=0.2). Direct photodetection is shown in (a) and (b) representing two successive
pulses from the passive and active sources, respectively. The efficiency of photon emission (7) is given in each figure. Antibunching is
observed in the suppression of the Ar=0 peak for both sources in (c) and (d). The HOM interference (Eq. (5)) is shown for the passive and

active source in (e) and (f), respectively.

the photon detection events, which correspond to the cases
where a quantum jump occurs due to photon emission. These
numbers were ratioed with the number of trajectories and
compared to the case of pure cavity emission in order to
provide proper normalization. With the master equation
simulations, the efficiency was calculated by integrating the
pulse envelope to determine the total probability for detect-
ing a photon with each pulse. Both cases yielded equivalent
estimates of the efficiency.

RESULTS

We first investigate the more conventional regime for
single-photon sources: the so-called strong Purcell regime. In
this regime it is usual to operate with g < « which defines the
bad cavity case. This case provides efficient generation of
single photons output via the cavity mode and is therefore
highly pertinent to single-photon sources. We set the system
parameters as g=1, k=1.5, y,;=0.2, and y3,=3. The single-
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FIG. 4. (Color online) Comparison between a passive single-photon source and an actively switched single-photon source for the case of
operation in the strong-coupling regime (x/g=0.2, y,,/¢=0.2). Direct photodetection is shown in (a) and (b) representing two successive
pulses from the passive and active sources, respectively. The efficiency of photon emission (7) is given in each figure. Antibunching is
observed in the suppression of the Ar=0 peak for both sources in (c) and (d). The HOM interference (Eq. (5)) is shown for the passive and
active source in (e) and (f), respectively. The dotted line in (e) is provided as a guide to the eye. A fit corresponding to pure exponential decay

(dashed line) is included in (f).

photon pulses resulting from two successive pump pulses are
shown in Figs. 3(a) and 3(b) for both the active and passive
cases. The passive case has the highest efficiency at 7
=82% and the pulse shape exhibits some slight oscillation
due to the coupling between the atom and cavity. In contrast,
the active case shows purely exponential decay, characteris-
tic of the cavity, while it has a slightly lower efficiency of

69%. The second-order correlation functions shown in Figs.
3(c) and 3(d) show clear antibunching via the suppression of
the correlation at 7=0. While the differences in pulse shape
seem only marginal in this regime, we see in Figs. 3(e) and
3(f) that the HOM dip is not complete in the passive case,
whereas complete nonclassical interference can be restored if
active switching is employed.
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In the strong-coupling regime (g> v;;, k), resonant be-
havior exhibits vacuum Rabi oscillations and the cavity out-
put deviates from the bare cavity exponential decay. In this
regime efficient single-photon sources require «/7y,;>1 in
order to achieve high efficiency output via the cavity mode.
However, it is possible to achieve similar efficiencies for loss
ratios less than 1 by actively switching the atom detuning
into resonance for a time sufficient to allow half a Rabi cycle
(i.e., a 7 pulse). To illustrate this we choose to simulate the
case of a loss ratio of «/7y,;=1, and set the system param-
eters as g=1, k=v,=0.2, and 7y3,=3. The single-photon
pulse envelopes resulting from two successive pump pulses
are shown in Figs. 4(a) and 4(b) for the active case (a) and
passive case (b). Here we see that the passive case displays
clear vacuum Rabi oscillations and attains a limiting effi-
ciency of 50%, whereas by actively switching the detuning
into and out of resonance we are able to regain pure cavity
exponential decay and attain an efficiency of 73%, which
exceeds the theoretical efficiency for the passive case [21].
The respective second-order correlation functions g(z)(r) are
shown in Figs. 4(c) and 4(d), where we see that both sources
display clear antibunching behavior in the suppression of the
correlation around 7=0, characteristic of a good single-
photon source. Finally the nonclassical interference experi-
ment is simulated in Figs. 4(e) and 4(f). Here we see that the
passive case does not show a complete interference dip,
whereas in the active case we are able to regain complete
nonclassical interference. Therefore by using an active
single-photon source, we are able to provide an efficient
source of indistinguishable single photons in the strong-
coupling regime. Such a technique could overcome the con-
strains on efficient single-photon sources in this regime.

In the above simulations we have delayed the switching
pulse by gz=1 in order to suppress stochastic timing jitter in
populating the level |2). This time delay was chosen such
that the HOM visibility was greater than 99.9%. Higher
emission efficiencies are possible if shorter delays are used,
but at the expense of the HOM visibility. This complemen-
tary behavior of the HOM visibility and the emission effi-
ciency is a generic property. However, the magnitude of the
effect is entirely dependent on the system parameters. As an
example we look at the regime g=1, k=2.5, ¥,,;=0.2, and
v3,=3. This is further into the Purcell regime where the cav-
ity loss completely dominates the coherent atom-cavity inter-
action, and was chosen so that the trailing edge of the Stark
tuning pulse does not affect the single-photon pulse envelope
(i.e., the switch on delay entirely determines the resultant
pulse properties). Operation in this regime is thus useful for
examining the effect of the delay of the Stark tuning pulse on
both the emission efficiency and HOM visibility. This is plot-
ted in Fig. 5. We find the efficiency starts from that of the
passively resonant case (i.e., the efficiency achieved without
Stark tuning) at around 82% and progressively lowers with
increasing delay, while the HOM visibility starts from that
attained with the passively resonant case of 85% and ap-
proaches unity with increasing delay. Therefore the effi-
ciency of the single-photon source and the HOM visibility
are essentially complementary qualities and cannot both be
maximized, although both high efficiency and near perfect
HOM visibility could be attained with an appropriate source.
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FIG. 5. (Color online) The dependence of both the HOM vis-
ibility and photon emission efficiency on the delay between the
pump pulse and the leading edge of the active Stark tuning pulse
(the line in the HOM visibility plot is simply a guide to the eye).
The simulations were conducted in the Purcell regime (x/g=2.5,
v>1/¢=0.2) where coherent cavity dynamics no longer affect the
pulse shape.

PULSE SHAPING

The use of a Stark tuning pulse to control the quantum
dynamics of a cavity QED system brings with it the possi-
bility of more advanced control of the interaction in order to
tailor the pulse envelope to the particular application. Such
an ability would be beneficial for certain schemes such as
photon quantum memories, where a single-photon pulse can
be stored in the collective coherent behavior of an atomic gas
[8,9], for example. For such applications, symmetric pulse
envelopes are desirable, rather than the decaying exponential
that characterizes pure cavity decay. Furthermore, it has been
theoretically shown that symmetric Gaussian pulses are op-
timal for robust quantum information processing [22].

In general, the dynamics of the Stark tuned cavity QED
system are complex and highly nonlinear, however, it may
still be possible to arbitrarily tailor the wave packet using
feedback to a learning algorithm. Here we provide a concrete
example of the possibility for pulse shaping by arbitrarily
choosing the Stark tuning pulse to be highly asymmetric in
time in the opposite sense to the output pulse. The naive
reasoning behind this is to slowly bring the atom into reso-
nance so that the cavity output slowly builds to a maximum
before decaying.

In Figs. 6(a) and 6(b) we show both the conventional
switching Stark pulse and the asymmetric slow turn-on
pulse, respectively. The respective single-photon pulse enve-
lopes are shown in Figs. 6(c) and 6(d). Here we find that a
relatively simple Stark tuning pulse can readily produce a
very symmetric output pulse envelope. In fact we have fitted
the pulse envelope in Fig. 6(d) with a Gaussian and find a
remarkably close fit. This demonstrates the ability to tailor
the wave packets using a Stark tuning control voltage. Fur-
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FIG. 6. (Color online) An example of simple pulse shaping via an asymmetric Stark tuning pulse. The standard Stark tuning pulse is
shown in (a) and the asymmetric Stark tuning pulse used for pulse shaping is shown in (b). The arrows indicate the position of the pump
pulse Q(r). The resultant pulse envelopes are shown in (c) and (d) for operation in the strong Purcell regime of x/g=1.5, y,,/g=0.2. A

Gaussian fit is included in (d) (dotted line).

thermore, it seems that the very desirable Gaussian pulses
[22] may be made with relatively simple Stark tuning pulse
envelopes.

By using the asymmetric tuning pulse we find that the
efficiency of photon emission via the cavity mode is reduced
from 67% to 40%. While this is still respectable, it is entirely
dependent on the system parameters. For example, if an
atomic relaxation rate, y,;=0.02 is used, the efficiency is
dramatically improved to 86%. Therefore the ability to pulse
shape with high efficiency puts added constraints on the sys-
tem. Nevertheless, realistic systems, such as ion dopants in
crystal matrices, could possibly meet these requirements.

DISCUSSION

The efficiency of the single-photon sources can approach
unity in many solid-state systems. By imposing the addi-
tional constraint that the system relax to the lowest excited
state (the upper state of the relevant two-level transition)
before tuning the transition into resonance with the cavity,
the efficiency of photon emission from the cavity can suffer.
In order for this technique to be effective and useful, the
major constraint on the solid-state system is that decoherence
rate of the upper state, ¥%, be much less than the coupling
frequency g. For a lifetime limited transition, y?=,,. In our

simulations we have taken v,,/¢=0.2 and find we are able to
generate single photons with the active scheme comparable
to the passive scheme. Moreover, the active scheme is more
flexible in that it can efficiently generate single photons with
both good and bad cavities. These constraints are more im-
portant where pulse shaping is concerned. In our simulations,
we found the efficiency of generating shaped pulse notice-
ably dropped compared to both the standard active scheme
and the passive scheme. Therefore systems with long deco-
herence times are more likely to provide sources capable of
active pulse shaping. Such systems could comprise rare-earth
dopants, which typically have extremely narrow homoge-
neous linewidths [23].

The technique of using Stark tuning to improve on the
performance of single-photon sources should be applicable
to a variety of different materials and cavity geometries. The
main constraint is the ability to shift the detuning of the
atom-cavity system sufficiently quickly in order to effec-
tively control the interaction dynamics. This time scale is
then set by the dynamics of the system such as the vacuum
Rabi frequency as well as the atomic decay and pure dephas-
ing rates. The remaining constraint is the ability to Stark tune
the atomic resonance with realistic voltages over a range at
least ten times the vacuum Rabi frequency.

Fortunately, in the solid state there are many possibilities
for suitable atomlike emitters. For example, the NV~ center
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in diamond has a lifetime of the order of 10 ns and is widely
Stark tunable [24]. In fact, Stark tuning of single NV~ centers
has recently been proposed as a method for actively Q
switching photonic-band-gap cavities [25]. If such an emitter
were used with a fused silica microsphere resonator, vacuum
Rabi frequencies of around 500 MHz are possible. This al-
lows for the use of readily available GHz electronics to pro-
vide the Stark tuning voltage. Such a system would also be
amenable to pulse shaping, such as we have described above.

There are many other possibilities for suitable Stark tun-
able solid-state emitters, including various color centers [24],
single-ion dopants [26], single molecules [27], and single
quantum dots and nanocrystals [28]. Furthermore, the prop-
erties of many of these emitters can be modified by effects
such as dielectric screening, which can reduce the effective
oscillator strength of a transition where appropriate [29]. On
the other hand, microcavities with exceedingly small mode
volumes, such as those that can be made with photonic-band-
gap materials, could be used to significantly enhance the os-
cillator strength of single rare-earth dopants, which other-
wise have very promising properties.

The main problem with current solid-state sources is the
timing jitter induced by incoherent population of the upper
state of a transition [7]. The use of Stark tuning overcomes
this by waiting for a period long enough for most of the
population to relax to the upper state of the transition before
the transition is brought into resonance with the cavity. This
process is itself susceptible to timing jitter. Therefore if our
proposed scheme is to provide any benefit, the timing of the
electronics must be stable enough to substantially reduce the
timing jitter of the system. Currently, electronics are able to
provide timing accuracy at the picosecond level. This is still
more than two orders of magnitude longer than the time
scale set by interference, but is shorter than many relaxation
processes in the solid state and so is likely to improve the
photons’ indistinguishability. In fact, the relevant time scale
for HOM interferometry is the relaxation time of the cavity.
This means current electronic technology can potentially
provide significant improvement in HOM interference or
photon indistinguishability, which should be in the order of
that which is presented in this paper.
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CONCLUSION

We have investigated the use of Stark tuning of an arbi-
trary emitting transition in a solid-state system in order to
gain control of the interaction between emitter and a high-Q
optical cavity resonance. Quantum trajectory simulations
have been used to model the operation of the system as well
as model the detection scheme, which includes photon cor-
relation experiments and the two-photon Hong-Ou-Mandel
interference experiment. We have shown that it is possible,
using well timed Stark tuning pulses, to remove the timing
jitter that results from stochastic pumping of the emitting
transition. This results in complete recovery of the Hong-Ou-
Mandel interference. Furthermore, we have demonstrated
that simple modification of the Stark tuning pulse shape al-
lows shaping of the photon wave packet from decaying ex-
ponential to a symmetrical Gaussian wave packet. More
complex control of the photon wave packet is in principle
possible if more complex procedures are employed, such as
the use of adaptive algorithms. It has also been shown that
the symmetrical wave packets still display complete HOM
interference.

The procedure for effective Stark tuning control of a
solid-state source depends on the material parameters. Both
the decoherence time and transition strength need to be suit-
able for effective Stark tuning control of the interaction. It is
expected that such a source is within the technological pos-
sibilities of nanocrystal emitters as well as various color
centers.

The ability to provide a solid-state single-photon source
which is able to provide indistinguishable photons on de-
mand would be extremely useful for all optical quantum
computing schemes. Furthermore, the ability to shape the
photon wave packet would make it also suitable for use in
various photon memories that have been proposed. Therefore
this technology promises a compact solid-state single-photon
source with an unprecedented degree of control over the
photon wave packets.
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